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We claim: 



1 \ An isolated compound which binds to a pilus subunit groove thereby inhibiting pilus 



An isolau 
S U fis assembW 



2. The compound of claim 1 wherein the compound is a peptide. 

3. The compound of claim 1 whe^^the compound is a non-peptide compound. 

4. The compound of claim 1 further comprising a mimic of a chaperone G! beta-strand 
\ w ^ at two a l temat i n S hydrophobic amino acid residues which exhibits 

"^V)> • A ■ • - 



si 



antibacterial^ activity against a Gram-negative bacterium. 



5. The compound of claim 4 wherein said mimic further comprises the amino acid 
sequence NVLQIAL (SEQ ID NO: 1) or an analogue thereof. 

6. The compound of claim 4 wherein the mimic has been modified to improve binding, 
specificity, solubility, safety, or efficacy. 

7. The mimic of claim 4 wherein said mimic exhibits antibacterial activity against a 
Gram-negative bacterium comprising Escherichia coli, Haemophilus influenzae, 
Salmonella enteriditis, Salmonella typhimurium, Bordetella pertussis, Yersinia pestis, 
Yersinia enterocolitica, Helicobacter pylori and Klebsiella pneumoniae. 



8. The compound of c\aim 1 further comprising a mimic of an amino-terminal motif of a 
J|>\ pilus subunit with ameast two alternating hydrophobic amino acid residues which 
^tnimic exhibits antibacterial activity against a Gram-negative bacterium. 
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The compound of claim 8 wherein said mimic of an amino-terminal motif of a pilus 
subunit further comprises the amino acid sequence SDVAFRGNLL (SEQ ID NO: 12) 
or an analogue thereof. 

The compound of claim 9 wherein said mimic has been modified to improve binding, 
specificity, solubility, safety, or efficacy. 

The compound of claim 8 wherein said mimic exhibits antibacterial activity against a 
Gram-negative bacterium comprising Escherichia coli, Haemophilus influenzae, 
Salmonella enteriditis, Salmonella typhimurium, Bordetella pertussis, Yersinia pestis, 
Yersinia enterocolitica, Helicobacter pylori and Klebsiella pneumoniae. 

The compound of claim 1 which is a 10 to 20 residue peptide or peptide analog 
according, to formula (I): 

(I) \ Z j ~Z 2 — X , — X 2 — X 3 — X 4 — X 5 — X 6 — X 7 — X 8 — X9- X j 0 — Z 3 ~Z 4 

or a pharmaceutteally-acceptable salt thereof, wherein: 
Z t is R-c\p)-NR- or RRN-; 

Z 2 is an optional 1 to 5 residue peptide or peptide analog; 
X! is any amino acid residue; 
X 2 is any amino acid residue; 

X 3 is a hydrophobic residue or a hydroxyl-substituted aliphatic residue; 

X 4 is any amino Wid residue; 

X 5 is a hydrophobic residue or Gly; 

X 6 is a hydrophoblb or a hydrophilic residue; 

X 7 is Gly, an amideWbstituted polar residue or a hydrophobic residue; 
X 8 is any amino acid Residue; 
Xg is an aliphatic residue; 
Xio is any amino acid residue; 
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Z 3 is an optional 1 to 5 residue peptide or peptide analog; 
Z 4 is -C(0)W or -C(0)NRR; 

each R is independently hydrogen, (C r C 6 ) alkyl, (C 2 -C 6 ) alkenyl, (C 2 -C 6 ) 
alkynyl or (C 6 -C 14 ) am; 

each "-" between residues X l through X 103 Z 2 and X, and X 10 and Z 3 
independently represents^an amide linkage, a substituted amide linkage or an isostere 
of an amide likage; and \ 

each "~" represents ^bond 

The compound of claim 12 wherein said compound further comprises one or more 
features selected from the group consisting of: 

each "-" between residues X! through X 10 , Z 2 and Xj and X 10 and Z 3 is an 
amide linkage; 

Z x is H 2 N-; 

Z 4 is -C(0)OH or a salt thereof; 
optional Z 2 is not present; 
optional Z 3 is not present; 
X, is other than a basic residue; 
X 2 is other than an aliphatic residue; 
X 3 is an aliphatic residue or T; 
X 4 is other than an acidic residue; 
X 5 is an aliphatic residue, F or G; 
X 7 is G, N or A; 

X 8 is other than an aliphatic residue; and 
X 10 is an aliphatic or a polar residue. 

The compound ©f claim 13 which is selected from the group consisting of SEQ ID 
NO: 2, SEQ ID ND: 3, SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 
7, SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, 
SEQ ID NO: 13, SE© ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17, 
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SEQ ID NO: 18, SEQ ID NO: 19, SEQ ID NO: 20, SEQ ID NO: 21, SEQ ID NO: 22, 
SEQ ID NO: 23, SEQ ID NO: 24, SEQ ID NO: 25, SEQ ID NO: 26, SEQ ID NO: 27, 
SEQ ID NO: 28 and SEQ ID NO: 29. 

The compound of claim 12 wherein said compound exhibits antibacterial activity 
against a Gram-negative bacterium comprising E. coli, H. influenzae, S. euteriditis, S. 
typhimurium, B. pertussis, Y pestis, Y. entarocolitica, H. pylori and K. pneumoniae. 

The antibacterial compound of claim 1 which is a 7 to 17 residue peptide or peptide 
analog according to formula (II): 

(II) Z j j ~Z j 2 — X ! j —X , 2 — X j 3— X 1 4 — X j 5 — X ! 6 — X j 7 ~Z x 3 ~ Z x 4 

or a pharmaceutically-acceptable salt thereof, wherein: 
Z n is R'-CCOy-NR'- or R'R'N-; 

Z 12 is an optional 1 to 5 residue peptide or peptide analog; 

X n is any amino acid residue; 

X 12 is any amino acid residue; 

X 13 is a hydrophobic residue; 

X H is any amino acid residue; 

X 15 is a hydrophobic residue; 

X 16 is any amino acid residue; 

X n is hydrophobic residue or a hydroxyl-substituted aliphatic residue; 
Z 13 is an optional 1 to 5 residue peptide or peptide analog; 
Z 14 is -C(0)OR ! or -C(0)NR f R f ; 

each R' is independently hydrogen, (C r C 6 ) alkyl, (C 2 -C 6 ) alkenyl, (C 2 -C 6 ) 
alkynyl or (C 6 -C 14 ) aryl; 

each-"-" between residues X u through X 17 , Z 12 and X n and X 17 and Z, 3 
independently represents an amide linkage, a substituted amide linkage or an isostere 
of an amide likage; and 

each "~" independently represents a bond. 



* 
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17. The compound of claim 16 wherein said compound further comprises one or more 
features selected from the group consisting of: 

each " between residues X n through X 17 , Z 12 and X u and X 17 and Z !3 is an 
amide linkage; 
5 Z n isH 2 N-; 

Z 14 is -C(0)OH or a salt thereof; 

optional Z 12 is not present; 

optional Z 13 is not present; 

X n is other than a basic residue; 
10 X 13 is an aliphatic residue or M; 

X 14 is other than an aromatic residue; 

X 15 is an aliphatic residue, F or M; and 

X 17 is an aliphatic residue, F, M or a hydroxyl-substituted aliphatic residue. 

18. The compound of claim 17 which is selected from the group consisting of SEQ ID 
NO: 1, SEQ ID NO: 30, SEQ ID M): 31, SEQ ID NO: 32, SEQ ID NO: 33, SEQ ID 
NO: 34, SEQ ID NO: 35, SEQ ID NO:3^|SEQ ID NO: 37, SEQ ID NO: 38, SEQ ID 
NO: 39, SEQ ID NO: 40, SEQ ID N^wO^EQ ID NO: 42, SEQ ID NO: 43, SEQ ID 

5 NO: 44, SEQ ID NO: 45, SEQ ID ^O: 4&JsEQ ID NO: 47, SEQ ID NO: 48, SEQ ID 

NO: 49, SEQ ID NO: 50, SEQ ID NO: 5l\id SEQ ID NO: 52. 

19. The compound of claim 16 wherein said compound exhibits antibacterial activity 
against a Gram-negative bacterium comprising E. coli, H. influenzae, S. euteriditis, S. 
typhimurium, B. pertussis, Y. pestis, Y. entarocolitica, H. pylori and K. pneumoniae. 

20. A mannose analogue capable of competitively binding the amino terminal mannose- 
binding domain of a Gram-negative bacterial adhesin. 



21. 



The analogue of claim 20 wherein said compound exhibits antibacterial activity 
against a Gram-negative bacterium comprising Escherichia coli f Haemophilus 
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influenzae, Salmonella enteriditis, Salmonella typhimurium, Bordetella pertussis, 
Yersinia pestis t Yersinia enterocolitica, Helicobacter pylori and Klebsiella 
pneumoniae. 

A composition containing an effective amount of a mimic of an amino-terminal motif 
of a pilus subuntt with at least two alternating hydrophobic amino acid residues which 
mimic exhibits antibacterial activity against a Gram-negative bacterium and a 
pharmaceutically acceptable carrier, excipient or diluent. 

The composition of claim 22 wherein said mimic exhibits antibacterial activity by 
competitively binding to a pilus subunit groove and thereby inhibits pilus assembly. 

The composition of clairiji 23 which is a 10 to 20 residue peptide or peptide analog 
according to formula (I): 



a) 



Z j ~Z 2 — X j— Xv- X 3 — X 4 — X 5 — X 6 — X 7 — X 8 — X 9 — X ! 0 — Z 3 ~Z 4 



peptide or peptide analog; 



or a pharmaceutically-accepta^)e salt thereof, wherein: 
Z l is R-C(0)-NR- 1 
Z 2 is an optional 1 t< 
Xj is any amino acid^s^ue; 
X 2 is any amino ac/d resiflt 

X 3 is a hydrophobic residue W a hydroxyl-substituted aliphatic residue; 
X 4 is any amino acid residue;> 
X 5 is a hydrophobic residue or trly; 
X 6 is a hydrophobic or a hydrophilic residue; 

X 7 is Gly, an amide-substituted po^ar residue or a hydrophobic residue; 
X 8 is any amino acid residue; 
Xp is an aliphatic residue; 
X 10 is any amino acid residue; 
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Z 3 is an optional 1 to 5 residue peptide or peptide analog; 
Z 4 is -C(0)OR or -C(0)NRR; 

each R is independently hydrogen, (C r C 6 ) alkyl, (C 2 -C 6 ) alkenyl, (C 2 -C 6 ) 
alkynyl or (C 6 -C I4 ) arW; 

each "-" between residues X { through X 10 , Z 2 and X! and X 10 and Z 3 
independently represents an amide linkage, a substituted amide linkage or an isostere 
of an amide likage and \ 

each "~" represents a bond. 

The composition of claim 24 wherein the mimic further comprises one or more 
features selected from the group consisting of: 

each "-" between residues X, through X 10 , Z 2 and X, and X 10 and Z 3 is an 
amide linkage; \ 

Z x is H 2 N-; \ 

Z 4 is -C(0)OH or a salt thereof; 

optional Z 2 is not presents 

optional Z 3 is not present; \ 

X! is other than a basic residue; 

X 2 is other than an aliphatic Residue; 

X 3 is an aliphatic residue or TV 

X 4 is other than an acidic residW; 

X 5 is an aliphatic residue, Fdr G; 

X 7 isG,NorA; U \ \yS 

X 8 is other than an aliphatic residue? and 

X 10 is an aliphatic or a polar residue. 

The composition of claim 25 wherein said compound is selected from the group 
consisting of SEQ ID NO: 2, SEQ ID NO: 3JSEQ ID NO: 4, SEQ ID NO: 5, SEQ ID 
IjTO: 6, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 
11, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 
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16, SEQ ID NO: lb, SEQ ID NO: 18, SEQ ID NO: 19, SEQ ID NO: 20, SEQ ID NO: 
21, SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID NO: 24, SEQ ID NO: 25, SEQ ID NO: 
26, SEQ ID NO: 27, SEQ ID NO: 28 and SEQ ID NO: 29. 



A composition containing an effective amount of a mimic of a chaperone G x beta- 
strand with at least tWo alternating hydrophobic amino acid residues which mimic 
exhibits antibacterial activity against a Gram-negative bacterium and a 
pharmaceutical^ acceptable carrier, excipient or diluent. 

The composition of claim 27 wherein said mimic exhibits antibacterial activity by 
competitively binding tfo a pilus subunit groove and thereby inhibits pilus assembly. 

The composition of claim 28 which is a 7 to 17 residue peptide or peptide analog 
according to formula (11):^ 

(II) Z n ~Z 12 — X n -VX 12 — X 13 — X 14 — X 15 — X 16 — X 17 — Z 13 ~Z 14 



or a pharmaceutically-acceptWble salt thereof, wherein: 
Z u is R'-CCO^NR'- \r R'R'N-; 

Z 12 is an optional 1 to 5 residue^eptide or peptide analog; 
X u is any amino acid residue; 
X 12 is any amino acid residue; 
X 13 is a hydrophobic resume; 
X, 4 is any amino acp resiaue; 
X 15 is a hydrophobic residue 
X 16 is any amino acid residudc 

X 17 is hydrophobic residue or & hydroxyl-substituted aliphatic residue; 
Z 13 is an optional 1 to 5 residueWptide or peptide analog; 
Z 14 is -C(0)OR' or -C(0)NR'R'\ 

each R' is independently Aydrogen, (C r C 6 ) alkyl, (C 2 -C 6 ) alkenyl, 
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(C 2 -C 6 ) alkynyl or (C 6 -C 14 ) Wl; 

each "— " between residues X n through X I7 , Z 12 and X n and X 17 and Z 13 
independently represents an apide linkage, a substituted amide linkage or an isostere 
of an amide likage; and 

each "~ " independent!^ represents a bond. 



30. 



10 



31. 



The composition of claim 29 wherein said mimic further comprises one or more 
features selected from the group consisting of: 

each "-" between residues X„ through X 17 , Z 12 and X u and X J7 and Z 13 is an 
amide linkage; 

Z u is H 2 N-; 

Z 14 is -C(0)OH or a salt t&ereof; 
optional Z 12 is not present;! 
optional Z 13 is not present; 
X u is other than a basic resitiue; 
X 13 is an aliphatic residue or ! 
X 14 is other than an aromatic itesidue; 
X 15 is an aliphatic residue, F obM; and 

X, 7 is an aliphatic residue, F, m^pfr a hydroxy 1-substituted aliphatic residue. 



ID NO: 31, SEQ ID NO: 32, SEQ ID NO: 

1 J 

ID NO: 36, SEQ ID NO: 37, SEQ ID NO 



The composition of claim 30 wherjbin s<M^rfimic is selected from the group consisting 
of SEQ ID NO: 1, SEQ ID NO: 30, SEQ 
33, SEQ ID NO: 34, SEQ ID NO: 35, SE] 
38, SEQ ID NO: 39, SEQ ID NO: 40, SE^ ID NO: 41, SEQ ID NO: 42, SEQ ID NO 
43, SEQ ID NO: 44, SEQ ID NO: 45, SEQ ID NO: 46, SEQ ID NO: 47, SEQ ID NO 
48, SEQ ID NO: 49, SEQ ID NO: 50, SEQ ID NO: 51 and SEQ ID NO: 52. 



32. The composition of claim 31 wherein the mimic comprises the amino acid sequence 
NVLQIAL (SEQ ID NO: 1) or an analogue thereof. 
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33. A composition containing an effective amount of a mannose analogue capable of 
competitively binding the amino^terminal mannose-binding domain of a Gram- 
negative bacterial adhesin and a phajmaceutically acceptable carrier, excipient or 
diluent. 

34. A method of preventing or ^inhibiting formation of a pilus subunit-subunit structure in 
a subject, said method comprising administering a mimic of an N-terminal motif of a 
pilus subunit with at least two alternating hydrophobic amino acid residues which 
mimic exhibits antibacterial activity against a Gram-negative bacterium. 

35. The method of claim 34 wherein said mimic exhibits antibacterial activity by 
competitively binding to a pilus subunit groove and thereby inhibits pilus assembly. 

36. The method of claim 35 wherein said mimic comprises the amino acid sequence 
SDVAFRGNLL (SEQ ID NO: 12) or an analogue thereof. 

37. The method of claim 36 wherein said subjectlis a mammal. 

38. The method of claim 36 wherein said subject is a plant. 



pf a c 



39. A method of preventing or inhibiting formatio 
subject, said method comprising administeri: 
with least two alternating hydrophobic ami: 
antibacterial activity against a Gram-negatfife bactfcriufn 



acic 



laperone-subunit structure in a 
c of a chaperone Gi beta strand 
residues which mimic exhibits 



40. The method of claim 39 wherein said mimic exhibits antibacterial activity by 

competitively binding to a pilus subunit groove and thereby inhibits pilus assembly. 



41. 



The method of claim 40 wherein said mimic comprise: 
NVLQIAL (SEQ ID NO: 1) or an analogue thereof. 



the amino acid sequence 
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A method of preventing or inhibiting pili adhesion to a host tissue, said method 
comprising administering a mannose analogue capable of competitively binding the 
amino terminal mannose-binding domain of a Gram-negative bacterial adhesin. 

A method of treating a bacterial infection comprising administering to a subject in 
need thereof an effective aipount of a compound which is a 10 to 20 residue peptide or 
peptide analog according to\ formula (I): 

(I) Z j ~Z 2 — Xj— X 2 — vC 3 — X 4 — X 5 — X 6 — X 7 — X 8 — X 9 — X j 0 — Z 3 ~Z 4 

or a pharmaceutically-acceptabPe salt thereof, wherein: 
Z x is R-C(0)-NR- or RRN-; 

Z 2 is an optional 1 to 5 residue peptide or peptide analog; 
X, is any amino acid residue; 
X 2 is any amino acid residue; 

X 3 is a hydrophobic residueW a hydroxyl-substituted aliphatic residue; 

X 4 is any amino acid residues 

X 5 is a hydrophobic residue or Gly; 

X 6 is a hydrophobic or a hydrophilic^esidue; ( 

X 7 is Gly, an amide-substit^tedV^arlresidue or a hydophobic residue; 

X g is any amino acid residue; /\^\ 

X 9 is an aliphatic residue; / \ / 

X 10 is any amino acid residue; Y 

Z 3 is an optional 1 to 5 residue peptide or peptide analog; 

Z 4 is -C(0)OR or -C(0)NRR; \ 

each R is independently hydrogen, (C,-C 6 ) alkyl, (C 2 -C 6 ) alkenyl, (C 2 -C 6 ) 
alkynyl or (C 6 -C 14 ) aryl; \ 

each "— " between residues Xj through X 10 , Z 2 and X! and X 10 and Z 3 
independently represents an amide linkage, a substituted amide linkage or an isostere 
of an amide likage; and I 
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each "~" represents a bond. 

The method of claim 43 wherein said compound further comprises one or more 
features selected from tme group consisting of: 

each "-" between residues X, through X 10 , Z 2 and X! and X 10 and Z 3 is an 
amide linkage; \ 
Z x is H 2 N-; \ 
Z 4 is -C(0)OH or \ salt thereof; 
optional Z 2 is not present; 
optional Z 3 is not present; 
Xj is other than a basic residue; 
X 2 is other than an aliphatic residue; 
X 3 is an aliphatic residue or T; 
X 4 is other than an acidic residue; 
X 5 is an aliphatic residue! F or G; 
X 7 is G, N or A; \ 
X 8 is other than an aliphatic residue; and 
X 10 is an aliphatic or a polarresidue. 



The method of claim 44 wherein saia compound is selected from the group consisting 
SEQ ID NO: 2, SEQ ID NO: 2f, SEQJD NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ 
ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID 
NO: 12, SEQ ID NO: 13, SEQ ID NO:\l4, SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID 
NO: 17, SEQ ID NO: 18, SEQ ID NO: 19, SEQ ID NO: 20, SEQ ID NO: 21, SEQ ID 
NO: 22, SEQ ID NO: 23, SEQ ID NO: 24, SEQ ID NO: 25, SEQ ID NO: 26, SEQ ID 
NO: 27, SEQ ID NO: 28 and SEQ ID NO\29. 




The method of claim 45 wherein said mimicVomprises the amino acid sequence 
SDVAFRGNLL (SEQ ID NO: 12) or an anal&gue thereof. 
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47. The method of claim 42 wherein the infection is caused by E. coli, K influenzae, S. 
euteriditis, S. typtyimurium, B. pertussis, Y. pestis, Y. entarocolitica, H. pylori and K. 
pneumoniae. 

48. The method of claiAi 42 wherein the subject is a mammal or human. 

49. The method of claim 42 wherein the subject is a plant. 

50. A method of treating a bacterial infection comprising administering to a subject in 
need thereof an effective amount of a compound which is a 7 to 17 residue peptide or 
peptide analog according to formula (II): 

(II) Z n ~ Z 12 — X u — X 12 — X 13 — X 14 — X 15 — X 16 — X 17 — Z 13 ~Z 14 



10 



15 



20 



or a pharmaceutically-acceptable salt thereof, wherein: 
Z n is R'-QCO-NR'- orW'N-; 

Z, 2 is an optional 1 to 5 resid\y£ p^^de or peptide analog; 
X n is any amino acid resic 
X 12 is any amino acid resic 
X 13 is a hydrophobic resic 
X 14 is a hydrophobic or syhydr^phili^ residue; 
X, 5 is a hydrophobic residue; 
X 16 is any amino acid residue; 

X 17 is hydrophobic residue or a hytiroxyl-substituted aliphatic residue; 
Zj 3 is an optional 1 to 5 residue peptide or peptide analog; 
Z 14 is -C(0)OR ! or -C^NRTC; 

each R f is independently hydrogen, (Q x -C 6 ) alkyl, (C 2 -C 6 ) alkenyl, (C 2 -C 6 ) 
alkynyl or (C 6 -C 14 ) aryl; 

each "— " between residues X u through K 17 , Z 12 and X n and X 17 and Z 13 
independently represents an amide linkage, a substituted amide linkage or an isostere 



95 



WSHU 2005.1 
PATENT 



of an amide likage; dfid 

each "~" independently represents a bond. 



10 



51 . The method of claim 50 wherein said compound further comprises one or more 
features selected from tne group consisting of: 

each "— " betweer^residues X u through X I7 , Z 12 and X n and X I7 and Z 13 is an 
amide linkage; 

Z n is H 2 N-; 

Z 14 is -C(0)OH or a\salt thereof; 
optional Z 13 is not present; 
optional Z 14 is not present; 
X u is other than a basic residue; 
X! 3 is an aliphatic residue or M; 
X 14 is other than an aromatic residue; 
X, 5 is an aliphatic residue! F or M; and 

X 17 is an aliphatic residue, tt 7 , M or a hydroxyl-substituted aliphatic residue. 



52. The method of claim 51 whereii/sAl^ierfnpound is selected from the group consisting 

NO: 31, SEQ ID NO: 32, SEQ ID NO: 33, 
3£, X SEQ ID NO: 36, SEQ ID NO: 37, SEQ ID NO: 38, 
0, SEQ ^ NO: 41, SEQ ID NO: 42, SEQ ID NO: 43, 
SEQ ID NO: 44, SEQ ID NO: 45, SEQ W NO: 46, SEQ ID NO: 47, SEQ ID NO: 48, 
SEQ ID NO: 49, SEQ ID NO: 50, SEQ Id\nO: 51 and SEQ ID NO: 52. 



The method of claim 51 whereiiys^ii 
SEQ ID NO: 1, SEQ ID NO: 3 
SEQ ID NO: 34, SEQ ID NO 
SEQ ID NO: 39, SEQ ID NO 



53. The method of claim 50 wherein the bacteriak infection is caused by E. coli, H, 

influenzae, S. euteriditis, S. typhimurium, B. pertussis, Y. pestis, Y. entarocolitica, H. 
pylori and K. pneumoniae. 



54. The method of claim 50 wherein the subject is a mammal or a human. 



96 



WSHU 2005.1 
PATENT 



The method of claim 50 wherein the subject is a plant. 

A method of preventing or inhibiting biofilm formation, said method comprising 
administering an effective amount of an isolated compound which bends to a pilus 
subunit groove W> an environment or surface containing Gram-negative bacteria. 

The method of claim 56, wherein said compound further comprises a mimic of a 
chaperone G x beta strand with at least two alternating hydrophobic amino acid 
residues which mimio^ exhibits antibacterial activity against a Gram-negative 
bacterium. 

The method of claim 57 wherein the mimic comprises the amino acid sequence 
NVLQIAL (SEQ ID NO: h or an analogue thereof. 

The method of claim 56, wheVein said compound further comprises a mimic of an 
amino-terminal motif of a pilus subunit with at least two alternating hydrophobic 
amino acid residues which mimic exhibits antibacterial activity. 



The method of claim 56, wherein Wid^ompound further comprises a mannose 
analogue capable of competitiveMDinc 
domain of a Gram-negative bactdrialyac 



ng the amino terminal mannose-binding 
sin. 



A method for inhibiting bacterial colonisation by a Gram-negative organism, said 
method comprising administering an effective amount of an isolated compound which 
binds to a pilus subunit groove to an environment or surface containing Gram- 
negative bacteria. 



The method of claim 61, wherein said compound further comprises a mimic of a 
chaperone G! beta strand with at least two alternating hydrophobic amino acid 



63. 
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residues which iiiimic exhibits antibacterial activity against a Gram-negative 
bacterium. 

The method of claim 61 wherein the mimic comprises the amino acid sequence 
NVLQIAL (SEQ TD NO: 1) or an analogue thereof. 



64. The method of claim 61, wherein said compound further comprises a mimic of an 
amino-terminal motiftof a pilus subunit with at least two alternating hydrophobic 
amino acid residues wljich exhibits antibacterial activity against a Gram-negative 
bacterium. 

65. The method of claim 61 , Wherein said compound further comprises a mannose 
analogue capable of competitively binding the amino-terminal mannose-binding 
domain of a Gram-negativa bacterial adhesin. 



66. 



67. 



A composition comprising aWlus chaperone-subunit co-complex in crystalline form, 
wherein said co-complex comprises an amino acid sequence of a G! beta-strand of a 



chaperone and an amino acid seq^ 

The composition of claim 6p wh$ 
of the chaperone is derive^ from a^ 
strand of a chaperone. 



ce of an amino-terminal end of a pilus subunit. 

n said amino acid sequence of the Gj beta-strand 
101 to LI 07 amino acid region of the G t beta- 



68. The composition of claim 67 wherein the amino acid sequence derived from a G, 
beta-strand of a chaperone is SEQ ID N0: 1. 



69. The composition of claim 67 wherein the amino acid sequence derived from an amino 
acid sequence of an amino-terminal end of a pilus subunit is SEQ ID NO: 12. 
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The composition of claim 66 wherein the pilus chaperone-subunit co-complex in 
crystalline form is a PapD-PapK chaperone-subunit co-complex. 

The composition of claim 71 wherein the crystal has a space group of P2 1 2 1 2, with 
unit cell dimensions of a = 62.1 ± 0.2 angstroms, b = 63.6 ± 0.2 angstroms and c = 
92.7 ± 0.2 angstroms. 

The compositions of claim 71, wherein said crystal is of diffraction quality. 

The composition orVclaim 71, wherein said crystal is a native crystal. 

The composition of claim 71, wherein said crystal is a heavy-atom derivative crystal. 

The composition of claim 71, wherein at least one of PapD or PapK of the PapD- 
PapK chaperone-subunit cb-complex is a mutant. 




he mutant is a selenomethionine or selenocysteine 



The crystal of claim 75, 
mutant. 



The crystal of claim 75, wherfeiiMie mutant is a conservative mutant. 

The crystal of claim 75, wherein th& mutant is a truncated or extended mutant. 

The composition of claim 66, wherein \aid crystal is produced by a method 
comprising the steps of: 

(a) mixing a volume of a solution comprising the PapD-PapK chaperone- 
subunit co-complex with a volume of a reservoir solution comprising a 
precipitant; and 

(b) incubating the mixture obtained \n step (a) over the reservoir solution 
in a closed container, under conditions suitable for crystallization until 
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{he crystal forms. 

A method of crystallizing a PapD-PapK chaperone-subunit co-complex, said method 
comprising: 1 

(a) mixing a volume of a solution comprising the PapD-PapK chaperone 
subunit co-complex with a volume of a reservoir solution comprising a 
precipitant; and 

(b) incubating the mixture obtained in step (a) over the reservoir solution 
in a closed container, under conditions suitable for crystallization until 
the crvstal forms. 

A method of identifying an antibacterial compound, comprising the step of using a 
three-dimensional structural representation of a pilus chaperone-subunit co-complex, 
or a fragment thereof comprising a G! beta-strand binding cleft, to computationally 
screen a candidate compound for an ability to bind the G l beta-strand binding cleft of 
the pilus subunit. \ 

The method of claim 81 furtheni<5bmprising the steps of: 
synthesizing the candidate cpilipound; and 
screening the candid)^r€pmpound for antibacterial activity. 

The method of claim 81 wftereiAthe three-dimensional structural information 
comprises the atomic structure coordinates of a PapK subunit. 

The method of claim 83 wherein thetthree-dimensional structural information further 
comprises the atomic structure coordinates of residues comprising the G, beta-strand 
binding cleft of a PapK subunit. \ 



The method of claim 84 wherein the atomic 
comprising the G x beta-strand binding cleft 
atomic structure coordinates of a PapD-Pap: 



structure coordinates of residues 

pf the PapK subunit are obtained from the 

dchaperone subunit co-complex. 
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The methou of claim 85 wherein the PapD-PapK co-complex atomic structure 
coordinates^re those coordinates deposited at the Protein Data Bank under entry code 
1PDK. 

The method of^laim 81 wherein the structural information comprises the atomic 
structure coordinates of a FimH subunit. 

The method of claim 87 wherein the structural information further comprises the 
atomic structure coordinates of residues comprising a G x beta-strand binding cleft of a 
FimH subunit. 

The method of claim\88 wherein the atomic structure coordinates are obtained from 
the atomic structure coordinates of a FimC-FimH chaperone-adhesin co-complex. 



The method of claim 89 wherein the atomic structure coordinates are those 
coordinates deposited atithe Research Collaboratory for Structural Bioinformatics 
Protein Data Bank under Witrv code 1QUN. 



A method of identifying 
three-dimensional st 



ibacterial compound comprising the step of using a 
alVepresentation of a pilus chaperone-subunit co-complex, 



or a fragment thereoycomp^iang a Gj beta-strand binding cleft, to computationally 
design a synthesizable candida\e compound that binds the G! beta-strand binding cleft 
of a pilus subunit. 



The method of claim 91 wherein the computational design comprises the steps of: 
identifying chemical entities or fragments capable of associating with the G, 

beta-strand binding cleft of the pilus subunit; and 

assembling the chemical entities or fragments into a single molecule to 

provide the structure of the candidate compound. 
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93. The method of claim 92 further including the steps of: 

synthesizing the candidate compound; and 
screening the candidate compound for antibacterial activity. 

94. The method of claim 93 wherein the structural information comprises the atomic 
structure coordinates of a PapK subunit. 

95. The method of claim 94 wherein the structural information further comprises the 
atomic structure coordinates of residues comprising the Gj beta-strand binding cleft of 
a PapK subunit. 

96. The method of claim 9£ wherein the atomic structure coordinates are obtained from 
the atomic structure co&rdinates of a PapD-PapK chaperone-subunit co-complex. 

97. The method of claim 96 wherein the PapD-PapK co-complex atomic structure 
coordinates are those coordinates deposited at the Protein Data Bank under entry code 
1PDK. 



98. The method of claim 93 wher&in the structural information comprises the atomic 
structure coordinates of a FimH sufeunit. 



99 . The method of claim 98 wherei 
structure coordinates of residujb£ 
subunit. 



structural information comprises the atomic 
prising a G! beta-strand binding cleft of a FimH 



100. The method of claim 99 wherein the atomic structure coordinates are obtained from 
the atomic structure coordinates of a FiVnC-FimH chaperone-adhesin co-complex. 



101. The method of claim 100 wherein the atomic structure coordinates are those 
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coordinates deposited at the Research Collaboratory for Structural Bioinformatics 
Protein Data Bantfyunder entry code 1QUN. 




102. A method of identifying a compound having antibacterial activity, comprising the step 
of using a three-dimensional structural representation of a pilus chaperone, or a 
fragment thereof comprising a G! beta-strand, to identify or design a compound 
having a three-dimensional structure similar to the three-dimensional structure of the 



103. The method of claim 102 wherein the three-dimensional structural information 
comprises the atomic structure coordinates of residues comprising a G, beta-strand of 
a PapD chaperone or a FimC cnaperone. 

104. The method of claim 103 whereimthe three dimensional structural information 
comprises the atomic structure coordinates of a PapD chaperone. 

105. The method of claim 104 wherein the\atomic structure coordinates of the PapD 
chaperone are obtained from the atomiV/fetracture coordinates of a PapD-PapK 
chaperone-subunit co-complex. /A 

106. The method of claim 105 wherein t/ie atomic structure coordinates of the PapD-PapK 
chaperone-subunit co-complex are those deposited at the Protein Data Bank under 
entry code 1PDK. \ 

107. The method of claim 103 wherein the three-dimensional structural information 
comprises the atomic structure coordinates of a wmC chaperone. 



5 



Gj beta-strand of the piliis chaperone. 



108. 



The method of claim 107 wherein the atomic structu 
chaperone are obtained from the atomic structure co< 
chaperone-adhesin co-complex. 



*e coordinates of the FimC 
►rdinates of a FimC-FimH 
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109. The method of claim 108 wherein the structure coordinates of the FimC-FimH 
chaperone-adhesin co-complex are those deposited at the Research Collaboratory for 
Structural Bioinformatics Protein Data Bank under entry code 1QUN. 

110. A method of identifying an antibacterial compound, said method comprising the step 
of using a three-dimensional structural representation of an adhesin, or a fragment 
thereof comprising alectin binding domain, or a portion thereof, to screen a candidate 
compound for the ability to bind a lectin binding domain of the adhesin. 
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111. The method of claim 1 1 OVfurther comprising the steps of: 

synthesizing the candidate compound; and 

assaying the candidate, compound for antibacterial activity. 

112. The method of claim 111, wherem the three-dimensional structural information 
comprises the atomic structure coorainates of a FimH adhesin. 

113. The method of claim 112 wherein the Wet-dimensional structural information further 
comprises the atomic structure coorc^a^eLofresidues comprising a lectin binding 
domain of a FimH adhesin or porticrcfthetfeof. 

114. The method of claim 113 wherein the atomicSstructure coordinates are obtained from 
the structure coordinates of a FimC-FimH chaperone-adhesin co-complex. 



115. The method of claim 114 wherein the structure coordinates of the FimC-FimH 

chaperone adhesin co-complex are those deposited ar\the Research Collaboratory for 
Structural Bioinformatics Protein Data Bank under entW code 1QUN. 



116. A method of identifying an antibacterial compound comprising the step of using a 
three-dimensional structural representation of an adhesin, ora fragment thereof 
comprising a lectin binding domain or portion thereof, to computationally design a 
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compound tfiM binds the lectin binding domain of the adhesin. 

117. The method of claim 116 wherein the computational design comprises the steps of: 

identifying chemical entities or fragments capable of associating with the 
lectin binding donrain; and 

assembling the chemical entities or fragments into a single molecule to 
provide the structure V>f the candidate compound. 

118. The method of claim 1 K7, further comprising the steps of: 
synthesizing the candidate compound; and 

screening the candidate compound for antibacterial activity. 

119. The method of claim 118 wherein the three-dimensional structural information 
comprises the atomic structureVoordinates of a FimH adhesin. 

120. The method of claim 119 whereimthe three-dimensional structural information further 
comprises the atomic structure coordinates of residues comprising a lectin binding 
domain of a FimH adhesin. 

121. The method of claim 120 wherein the Atomic structure coordinates are obtained from 
the structure coordinates of a FimC-Fim^I cl^perone-adhesin co-complex or portion 
thereof. 



122. The method of claim 121 wherein the sti^Ud 
chaperone-adhesin co-complex are thos6 dep< 



e coordinates of the FimC-FimH 
sited at the Research Collaboratory for 



Structural Bioinformatics Protein Data Bank linder entry code 1QUN. 



123. A machine-readable medium embedded with information that corresponds to a three- 
dimensional structural representation of a crystalline pilus chaperone-subunit co- 
complex or a fragment or portion thereof 
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124. The machine-teadable medium of claim 123 wherein the pilus chaperone-subunit co- 
complex is a PapD-PapK chaperone-subunit co-complex. 

125. The machine-readable medium of claim 124 wherein at least one subunit of the PapD- 
PapK co-complex\is a mutant. 

126. The machine-readable medium of claim 125 wherein the mutant is a selenomethionine 
or selenocysteine mutant. 

127. The machine-readable fpedium of claim 125 wherein the mutant is a conservative 
mutant. 

128. The machine-readable medium of claim 124, in which the information comprises 
atomic structure coordinates^ or a subset thereof. 

129. The machine-readable mediuiAof claim 128 wherein the atomic structure coordinates 
are those deposited at the Proteify Dat^-Bank under entry code 1PDK, or a subset 
thereof. 



130. The machine-readable medium of a 

complex is a FimC-FimH chaper/me- 1 



23 wherein the pilus chaperone-subunit co- 
Ahesin co-complex. 



131 . The machine-readable medium of claim\l30 wherein at least one subunit of the FimC- 
FimH chaperone-adhesin co-complex is amutant. 

132. The machine-readable medium of claim 13l\wherein the mutant is a selenomethionine 
or selenocysteine mutant. 



133. The machine-readable medium of claim 131 wherein the mutant is a conservative 
mutant. 
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134. The machine-readabl\ medium of claim 130, in which the information comprises 



135. 



atomic structure coordinat 



The machine-readable 
are those deposited at 



le R 



or a subset thereof. 

um of claim 134 wherein the atomic structure coordinates 
earch Collaboratory for Structural Bioinformatics 



Protein Data Bank under entry\code 1QUN, or a subset thereof. 




